Synergistic effects of ultrasound-targeted microbubble destruction and TAT peptide on gene transfection: an experimental study in vitro and in vivo.
Cell-permeable peptides (CPPs) and ultrasound-targeted microbubble destruction (UTMD) have tremendous potential for gene delivery. However, their applications are limited due to nonspecificity of CPPs and low transfection efficiency of UTMD. Here, we developed a 'smart' gene delivery system by encapsulating TAT peptide (TATp) and hepatocyte growth factor (HGF) gene within lipid microbubbles, in which TATp was protected from being enzymatically cleaved and HGF gene was protected from degradation. This new strategy had synergistic effects of UTMD and TATp on gene transfection. We investigated the efficacy and safety of HGF gene transfection mediated by the combination of UTMD and TATp in vitro and in vivo. The results from MTT assay and flow cytometry analyses indicated that the combination of UTMD and TATp could enhance HGF gene expression in HUVECs without any significant side effect on cell viability. In rat myocardial infarction models, we demonstrated that the protein and mRNA expressions of HGF in myocardium caused by the combination of UTMD and TATp were the highest. Histopathological findings demonstrated that the combination of UTMD and TATp enhanced myocardial microvasculature and ameliorated myocardial fibrosis. In conclusion, the combination of UTMD and TATp might be a safe and efficient technique for gene delivery.